Background
==========

Attention-deficit/hyperactivity disorder (ADHD) is a common neurobehavioral problem in children and adolescents with a worldwide prevalence rate of 5%--10% in children and adolescents.[@b1-dddt-9-1927],[@b2-dddt-9-1927] Children with ADHD may experience hyperactivity, impulsivity and inattention, while, adolescents with ADHD may have only impulsivity and inattention. Additionally, child and adolescent ADHD tends to have an executive function deficit.[@b3-dddt-9-1927] Therefore, those patients have increased risks of difficulties in many aspects of their life such as behavioral and academic problems.[@b3-dddt-9-1927]

Currently, psychostimulants have been indicated as the first-line treatments in child and adolescent ADHD.[@b4-dddt-9-1927],[@b5-dddt-9-1927] Although these active agents have been used effectively for many years, there is a persistent concern for their potential abuse and diversion.[@b6-dddt-9-1927] The use of non-stimulants in the treatment of patients with ADHD such as guanfacine may be effective and reduce the potential abuse or diversion. Hence, alternative medication which is comparable in efficacy and tolerability, with less potential abuse and diversion may be beneficial for these patients.

Known as a stimulant, lisdexamfetamine (LDX), an inactive and water-soluble prodrug, after it is absorbed from the gastrointestinal tract, is converted to l-lysine, an essential amino acid, and dextroamphetamine, which has a therapeutic effect in the reduction of ADHD symptoms.[@b7-dddt-9-1927] Since LDX requires an enzyme in red blood cells to be converted to the active form of amphetamine, it tends to have less potential for drug abuse and diversion, and has a relatively long-acting property.[@b8-dddt-9-1927],[@b9-dddt-9-1927]

Previous studies documented that LDX was an effective, safe, and well-tolerated stimulant in the treatment of ADHD in children and adolescents.[@b10-dddt-9-1927]--[@b13-dddt-9-1927] Additionally, recent evidence demonstrated its maintenance of long-term efficacy in child and adolescent ADHD.[@b14-dddt-9-1927] Although randomized controlled trials (RCTs) showed the efficacy and tolerability of LDX in child and adolescent ADHD,[@b10-dddt-9-1927]--[@b13-dddt-9-1927] each trial had a limited sample size. A meta-analysis, typically more effective in determining the true effect size, was the method used to assess the efficacy, acceptability, and tolerability of LDX for child and adolescent ADHD.

In this systematic review, one primary aim was to determine the efficacy of LDX versus placebo in the treatment of child and adolescent ADHD. Its acceptability and tolerability were also examined.

Methods
=======

Because the first papers on LDX were published in PubMed in 2007, the searches of relevant studies were performed from January 2007 to September 2014.

Eligibility criteria
--------------------

Any randomized, placebo-controlled trials of LDX conducted in children and adolescents with ADHD spectrum and showing scores of standardized ADHD rating were included. The improvement and discontinuation rates needed to be presented. ADHD spectrum consists of ADHD, attention deficit disorder, hyperkinetic syndrome, and hyperkinetic reaction diagnosed by any set of criteria. However, to be more thorough, the languages of such RCTs were not limited.

Information sources
-------------------

Studies, restricted to "humans", presented in the SCOPUS, MEDLINE, CINAHL, Cochrane Controlled Trials Register databases, [ClinicalTrials.gov](http://ClinicalTrials.gov), and EU Clinical Trials Register databases were also searched in September 2014. Besides, references of articles, given by any means, were also searched. The relevant trials included in this meta-analysis were only RCTs or controlled clinical trials.

Database search
---------------

To more sensitively identify the RCTs and controlled clinical trials, the searching technique used a combination of the following words and phrases: \[(lisdexamfetamine) OR (Vyvanse) OR (SPD489)\] AND \[(attention-deficit hyperactivity disorder) OR (ADHD) OR (attention-deficit disorder) OR (hyperkinetic syndrome) OR (hyperkinetic reaction)\]. This technique was carried out with all databases.

Study selection
---------------

The abstracts of articles, established from the databases, were independently examined by the authors (NM and BM) for determining whether they were suitable according to the eligibility criteria defined previously. After the full-text versions of relevant articles were provided, the authors then independently examined them. In cases of disagreement, the authors discussed and resolved them by means of consensus.

Data collection process
-----------------------

NM extracted the important outcomes into the data extraction form. Then BM reviewed those extracted results, again. All disagreements were also resolved by consensus.

Data items
----------

The important outcomes extracted and collected from all clinical studies were comprised of the following: 1) the items which were necessary in assessment of the study quality; 2) essential fundamental characteristics of eligible subjects, diagnostic criteria, study design for individual trial and exclusion and inclusion criteria; 3) preparation, dose, and time course of LDX administration; 4) important results applied for synthesis. If possible, the intent-to-treat results were included.

Risk of bias in individual studies
----------------------------------

The internal validity (quality) assessments were carried out by the authors (NM and BM). As stated in the *Handbook of Cochrane Collaboration*, risks of bias for each trial were evaluated as follows: 1) the generation of randomized sequences, 2) concealment of allocation, 3) blinding, 4) incomplete outcomes, 5) selective reporting, 6) other sources of bias, and 7) baseline similarity.[@b15-dddt-9-1927]

Summary measures
----------------

The interesting outcomes gathered in this review were composed of efficacy, acceptability, and tolerability. Efficacy outcomes included the pooled mean-endpoint or -change scores measured by the standardized ADHD rating scales, and the pooled rates of improvement assessed by any set of criterion. Although acceptability and tolerability may be used interchangeably, they independently have a specific definition. Based on antecedent systematic reviews, the acceptability, defined as the portion of subjects leaving the study early for any reason (dropout rates) after treatment,[@b16-dddt-9-1927],[@b17-dddt-9-1927] was evaluated by the rate of overall discontinuation in this review.[@b18-dddt-9-1927] Accordingly, tolerability, defined as proportion withdrawal from study because of adverse events, estimated from the rate of discontinuation due to adverse events was considered as tolerability.[@b19-dddt-9-1927],[@b20-dddt-9-1927]

Statistical analysis
--------------------

As a rule, either weighted mean differences (WMD) or standardized mean differences (SMD) with the 95% confidence interval (95% CI) are used for the synthesis of continuous results. In case of the same outcome rating scales used across clinical trials, the WMD are reasonably applied for comparison or combination of those outcomes. If varied measures were applied, the SMD in which there were no units were alternatively compared or combined. In the present review, the estimation of all continuous data was performed by using either the WMD or the SMD, and relied on the similarity or dissimilarity of the rating scales used in each included trial. If the standard deviation (SD) of mean-endpoint or -change scores for ADHD rating scales was not available from each included article, then, it would be calculated by using any statistical techniques or direct substitution.[@b21-dddt-9-1927] An inverse-variance technique was applied for calculation of the pooled mean-endpoint or -change scores with 95% CIs.

Synthesis of the dichotomous data was carried out by using relative risks (RRs) with 95% CI. If an RR is one, it means that there is no difference between the two groups. When an RR is less than one, it suggests that such findings are less likely to occur in the experiment group than in the control group. In the case of an RR of more than one, it indicates that the outcomes are more likely to occur in the experiment group than in the control group. For this meta-analysis, the RRs were used to compare the pooled improvement rates, overall discontinuation rates, and discontinuation rates due to adverse events between two groups. All pooled RRs of dichotomous data with 95% CIs were estimated by using the Mantel-Haenszel technique.

Synthesis of results
--------------------

Synthesis of data is being able to apply either a fixed or random effect approach. For included trials that postulate a common effect size, the fixed effect model is reasonably applied. This model is opposite to a random effect model which ignores the variations across various studies. Therefore, it was impossible to presume that those trials were exactly identical. Accordingly, a random effect model was applied to synthesize all results in this meta-analysis.

Statistical software
--------------------

In this review, all data synthesis was carried out by using the RevMan 5.1 (The Nordic Cochrane Centre, Copenhagen, Denmark).

Risk of bias across studies
---------------------------

As a rule, funnel plot is able to examine the publication bias in meta-analysis. The bias can be determined by a simple graph of the intervention effect estimated from individual study against some measure of each study's size or precision.[@b22-dddt-9-1927] Hence, a funnel plot would be applied in this meta-analysis.

Test of heterogeneity
---------------------

In a systematic review, a test of heterogeneity is essentially used to measure the similarity of the clinical study results. Our hypothesis assumed that each eligible trial outcome was not the same effect caused by the quality of methodology in individual study. Therefore, the magnitudes of diversity among the study outcomes were calculated. According to the study outcomes shown by graphic display and the use of the test of heterogeneity, the study outcomes were estimated as to whether they had greater differences than would be expected by chance alone. In case *I*^2^ was 50% or more, a significant outcome heterogeneity was considered.

Results
=======

Study selection
---------------

Based on those database searches, 369 citations were collected (SCOPUS =133 studies, Medline =42 studies, CINAHL =75 studies, Cochrane Controlled Trials Register =87 studies, [ClinicalTrials.gov](http://ClinicalTrials.gov) =27 studies and EU Clinical Trials Register =5 studies) (see [Figure 1](#f1-dddt-9-1927){ref-type="fig"}). When the duplicate articles were discarded, the 280 studies were carefully considered. After examining the titles and abstracts of the remaining studies, 264 articles were eliminated because they did not meet the included criteria. Then 16 full articles were carefully inspected. Eleven clinical studies were excluded; six trials were the post hoc analysis of data from previous studies,[@b13-dddt-9-1927],[@b23-dddt-9-1927]--[@b27-dddt-9-1927] four studies have not reported the study results[@b28-dddt-9-1927]--[@b31-dddt-9-1927] and one was still recruiting participants[@b32-dddt-9-1927] therefore, only five studies[@b10-dddt-9-1927]--[@b12-dddt-9-1927],[@b33-dddt-9-1927],[@b34-dddt-9-1927] were eligible in the present review. There was no relevant study that met the eligibility criteria.

Study characteristics
---------------------

A total of 1,016 children and adolescents with ADHD were included. The duration of five eligible RCTs was 4 to 11 weeks.[@b10-dddt-9-1927]--[@b12-dddt-9-1927],[@b33-dddt-9-1927],[@b34-dddt-9-1927] Of five RCTs, two were the crossover studies.[@b10-dddt-9-1927],[@b34-dddt-9-1927] All studies reported the washout periods (3 days to 6 weeks). The dosage of LDX medication ranged from 30 to 70 mg/day. The baseline characteristics of included studies are shown in [Table 1](#t1-dddt-9-1927){ref-type="table"}.

All mean change scores were assessed by using similar rating scales across the included trials, therefore, the WMD were considered in calculating and synthesizing those continuous data. All studies presented the mean change scores of the ADHD Rating Scale Version IV (ADHD-RS-IV), improvement rates, overall discontinuation rates, and discontinuation due to adverse events. However, only two studies[@b11-dddt-9-1927],[@b12-dddt-9-1927] reported the mean change score of systolic blood pressure (SBP) and diastolic blood pressure (DBP), and pulse rates.

Risk of bias within studies
---------------------------

All included clinical studies used the randomized, double-blind technique.[@b10-dddt-9-1927]--[@b12-dddt-9-1927],[@b33-dddt-9-1927],[@b34-dddt-9-1927] An intention-to-treat population was applied for four clinical trials.[@b10-dddt-9-1927],[@b11-dddt-9-1927],[@b33-dddt-9-1927],[@b34-dddt-9-1927] A sequence generation of randomization and allocation concealment were not reported in two studies.[@b10-dddt-9-1927],[@b34-dddt-9-1927] The blinding of outcome assessment and baseline similarity were demonstrated in all studies. However, freedom of selective reporting was determined in three studies (see [Table 2](#t2-dddt-9-1927){ref-type="table"}).[@b11-dddt-9-1927],[@b12-dddt-9-1927],[@b34-dddt-9-1927]

Results of individual studies
-----------------------------

Since there were three doses of LDX-treated groups (30, 50, and 70 mg), pooled mean change scores (SD) of those outcomes from individual clinical trials were utilized to analyze and synthesize.[@b11-dddt-9-1927],[@b33-dddt-9-1927] The mean-changed scores of ADHD-RS-IV for LDX-treated group in each study were significantly greater than that of the placebo-treated group (see [Figure 2](#f2-dddt-9-1927){ref-type="fig"}). The rates of improvement from the individual studies were also significantly different (see [Figure 3](#f3-dddt-9-1927){ref-type="fig"}). There were two studies[@b11-dddt-9-1927],[@b12-dddt-9-1927] that reported the mean change scores of the vital signs (SBP, DBP, and pulse rates) of subjects. The mean-changed scores of SBP and DBP of each trial were not significantly different between the two groups (see [Figures 4](#f4-dddt-9-1927){ref-type="fig"} and [5](#f5-dddt-9-1927){ref-type="fig"}). However, the mean-changed scores of pulse rates were significantly different between the two groups (see [Figure 6](#f6-dddt-9-1927){ref-type="fig"}).

Synthesis of results
--------------------

### Efficacy

According to efficacy outcomes, there was significant heterogeneity in the mean-changed ADHD-RS-IV score and improvement rate. Based on synthesis of four studies,[@b11-dddt-9-1927],[@b12-dddt-9-1927],[@b33-dddt-9-1927],[@b34-dddt-9-1927] the pooled mean-changed ADHD-RS-IV score of child and adolescent ADHD in the LDX-treated group was significantly greater than that of the placebo-treated group (WMD \[95% CI\] of −15.20 \[−19.95, −10.46\], *I*^2^=94%) (see [Figure 2](#f2-dddt-9-1927){ref-type="fig"}).

The pooled improvement rate of child and adolescent ADHD in the LDX-treated groups was significantly higher than that of the placebo-treated group (RR \[95% CI\] of 0.34 \[0.24, 0.47\], *I*^2^=80%) (see [Figure 3](#f3-dddt-9-1927){ref-type="fig"}). According to the pooled improvement rate, the number needing treatment (95% CI) was 1.97 (1.80, 2.21).

Vital signs
-----------

Based on the mean-changed vital sign scores, there was not significant heterogeneity. The pooled mean-changed SBP and DBP scores of child and adolescent ADHD between the LDX- and placebo-treated group had no significant differences with WMD (95% CI) of −0.95 (−2.71, 0.81), *I*^2^=0% and WMD (95% CI) of 0.16 (−1.75, 1.43), *I*^2^=0%, respectively (see [Figures 4](#f4-dddt-9-1927){ref-type="fig"} and [5](#f5-dddt-9-1927){ref-type="fig"}). Unfortunately, the pooled mean-changed pulse rate score of child and adolescent ADHD between the LDX- and placebo-treated group was significantly different (WMD \[95% CI\] of 4.96 \[2.77, 7.15\], *I*^2^=0%) (see [Figure 6](#f6-dddt-9-1927){ref-type="fig"}).

Discontinuation rates (acceptability and tolerability)
------------------------------------------------------

Significant heterogeneity was found in the overall discontinuation rate. The pooled overall discontinuation rate (acceptability) and discontinuation rate due to adverse events (tolerability) in child and adolescent ADHD between the LDX- and placebo-treated groups had no significant differences with RR (95% CI) of 0.78 (0.46, 1.31), *I*^2^=63% and RR (95% CI) of 1.99 (0.70, 5.64), *I*^2^=16%, respectively.

Risk of bias across studies
---------------------------

As a rule, the funnel plot asymmetry is able to estimate the publication bias in the meta-analysis which includes at least ten studies. In this review, only five RCTs were included. Accordingly, the real chance asymmetry was difficult to distinguish,[@b22-dddt-9-1927] therefore, this meta-analysis did not apply the funnel plot. However, two studies had the lack of clearness of a risk of bias in two or more domains (see [Table 2](#t2-dddt-9-1927){ref-type="table"}).[@b10-dddt-9-1927],[@b34-dddt-9-1927]

Discussion
==========

In the present review, five RCTs of LDX versus placebo in the treatment of child and adolescents were found eligible. This review suggests that LDX is more efficacious than the placebo in the treatment of child and adolescent ADHD. The pooled improvement rate of LDX versus placebo treatments was 72% and 21%, respectively. Based on the pooled improvement rate, the number needing treatment of 2 indicated that one in every two children and adolescents with ADHD will benefit from LDX treatment. Although LDX as compared with placebo did not increase SBP and DBP, it did increase the pulse rates in children and adolescents with ADHD. Based on discontinuation rates, the acceptability and tolerability of LDX treatment were not better than that of the placebo. However, its tolerability, measured by the discontinuation rate due to adverse events, was comparable to the placebo. Considering these findings, LDX has efficacy, acceptability, and tolerability in treatment of child and adolescent ADHD.

Efficacy of LDX in the treatment of child and adolescent ADHD from this review was similar to other stimulants. Several studies have shown the efficacy of stimulants in the treatment of child and adolescent ADHD, including Ritalin^®^ LA, a modified-release formulation of methylphenidate (MPH),[@b35-dddt-9-1927] osmotic-release oral system of MPH (OROS MPH),[@b36-dddt-9-1927],[@b37-dddt-9-1927] and mixed amphetamine salts extended release (Adderall XR).[@b38-dddt-9-1927] Considered as a rate of clinical improvement, this review suggests that 72% of children and adolescents with ADHD in the LDX-treated group compared with 21% of the placebo-treated group was categorized in "much improved" or "very much improved" as measured by the Clinical Global Impression improvement subscale score, which was similar to a previous study in adolescents with ADHD treated with the OROS MPH (OROS MPH: 52% versus placebo: 31%).[@b39-dddt-9-1927] The efficacy of LDX in such patients is explained by its active metabolite, dextroamphetamine. Like other stimulants, dextroamphetamine blocks the reuptake of norepinephrine and dopamine into the presynaptic neuron and directly increases the release of these monoamines extraneuronally.[@b9-dddt-9-1927]

Cardiovascular effect is another concern in the use of stimulants in the treatment of child and adolescent ADHD. There was a study of the short-term cardiovascular effects of MPH and Adderall. The study found that changes in the SBP, DBP, and pulse rates with both medications were not clinically significant.[@b40-dddt-9-1927] Another study of cardiovascular effects suggested that no clinical changes occurred in blood pressure and pulse rates in school-aged children with ADHD treated with mixed amphetamine salts extended release.[@b41-dddt-9-1927] In the present review, although there were not significant changes in blood pressure from baseline in LDX treated subjects compared with the placebo group, which was similar to the previous studies of stimulant treatment in child and adolescent ADHD, there were significant changes in pulse rates in the LDX treated group from baseline, compared with placebo. Hence, cautious use of LDX treatment in child and adolescent ADHD is recommended.

Based on the present review, the acceptability of LDX treatment in child and adolescent ADHD was comparable to the placebo, which was similar to LDX treatment in adult ADHD. According to a recent review, the acceptability of LDX treatment in adult ADHD was comparable to the placebo (RR \[95% CI\] of 0.82 \[0.59, 1.14\]).[@b42-dddt-9-1927] In addition, a systematic review also showed that acceptability of MPH and atomoxetine treatments in child and adolescent ADHD was comparable.[@b43-dddt-9-1927]

In the present review, the tolerability of LDX in the treatment of child and adolescent ADHD was comparable to the placebo. Similarly, a recent review in adult ADHD also found that those patients tolerated LDX treatment well.[@b42-dddt-9-1927] Unfortunately, a recent review of MPH treatment in adult ADHD demonstrated that its tolerability was lower than that of placebo.[@b44-dddt-9-1927] Good tolerability of LDX may be explained by the prodrug formulation which may reduce the adverse events noted in other psychostimulants while its acceptability may be explained by its metabolite, dextroamphetamine, which is efficacious for ADHD treatment.

Although acceptability, tolerability, and blood pressure change in LDX treatment were comparable to the placebo, there was a concern of cardiomyopathy in LDX users. Three in 5,422 persons who reported adverse events while taking LDX had cardiomyopathy; one male adult and two male teenagers.[@b45-dddt-9-1927] Even if the rate of incidence is rare but serious, further studies are essential to determine the potential adverse events.

Several limitations were observed in the present review. Firstly, a small number of eligible studies (five RCTs) were included which may reduce the potential impact of the systematic review. Hence, cautious interpretation of these outcomes is advised. Secondly, the five included studies were financially supported by a pharmaceutical company holding the patent of LDX, consequently, these findings should be carefully interpreted. Finally, publication bias cannot be calculated in the present review, since there was such a small number of eligible trials.[@b22-dddt-9-1927]

Conclusion
==========

According to the findings of this review, LDX is effective, and well-tolerated in the treatment of child and adolescent ADHD. Unfortunately, its acceptability is no greater than a placebo. Due to limited included studies, this outcome should be cautiously interpreted. Further studies may be warranted by these findings.
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![Comparison of the mean change scores of ADHD rating scales (95% confidence interval) in child and adolescent ADHD: lisdexamfetamine versus placebo.\
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**Abbreviations:** CI, confidence interval; IV, inverse variance; ADHD, attention-deficit/hyperactivity disorder; LDX, lisdexamfetamine; SD, standard deviation; *df*, degrees of freedom.](dddt-9-1927Fig5){#f5-dddt-9-1927}
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**Abbreviations:** CI, confidence interval; IV, inverse variance; ADHD, attention-deficit/hyperactivity disorder; LDX, lisdexamfetamine; SD, standard deviation; *df*, degrees of freedom.](dddt-9-1927Fig6){#f6-dddt-9-1927}

###### 

Baseline characteristics of included studies for lisdexamfetamine in children and adolescents with attention-deficit/hyperactivity disorder (ADHD)

  Study (author, year)               Number of enrolled patients   Age of subjects (years)   Study duration (weeks)   Drug/dose                            Diagnostic criteria   Improvement criteria   Outcome measures
  ---------------------------------- ----------------------------- ------------------------- ------------------------ ------------------------------------ --------------------- ---------------------- ---------------------------------------
  Biederman 2007[@b33-dddt-9-1927]   297                           6--12                     6                        Lisdexamfetamine/30, 50, 70 mg/day   DSM IV-TR             CGI-I =1, 2            ADHD-RS-IV,CGI-I CGI-S, CPRS-R
  Biederman 2007[@b10-dddt-9-1927]   52                            6--12                     6                        Lisdexamfetamine/30, 50, 70 mg/day   DSM IV-TR             CGI-I =1, 2            CGI-S, PERMP, SKAMP
  Wigal 2009[@b34-dddt-9-1927]       129                           6--12                     11                       Lisdexamfetamine/30--70 mg/day       DSM IV-TR             CGI-I =1, 2            ADHD-RS-IV, CGI-I CGI-S, PERMP, SKAMP
  Findling 2011[@b11-dddt-9-1927]    314                           13--17                    4                        Lisdexamfetamine/30, 50, 70 mg/day   DSM IV-TR             CGI-I =1, 2            ADHD-RS-IV, CGI-I, CGI-S, YQOL-R
  Coghill 2013[@b12-dddt-9-1927]     224                           6--12                     8                        Lisdexamfetamine/30--70 mg/day       DSM IV-TR             CGI-I =1, 2            ADHD-RS-IV, CGI-I CGI-S, CPRS-R

**Abbreviations:** ADHD-RS-IV, ADHD Rating Scale version IV; CGI-I, Clinical Global Impression--Improvement; CGI-S, Clinical Global Impressions-Severity; CPRS-R, Conners' Parent Rating Scale-Revised: Short Form; DSM IV-TR, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision; PERMP, Permanent Product Measure of Performance; SKAMP, Swanson, Kotkin, Agler, M-Flynn, and Pelham; YQOL-R, Youth Quality of Life-Research Version.

###### 

Summary of risk of bias in clinical controlled trials of lisdexamfetamine in child and adolescent attention-deficit/hyperactivity disorder (ADHD)

  Study (author, year)               Issues of bias                       
  ---------------------------------- ---------------- --- --- --- --- --- ---
  Biederman 2007[@b33-dddt-9-1927]   L                L   L   L   U   L   L
  Biederman 2007[@b10-dddt-9-1927]   U                U   L   L   U   L   L
  Wigal 2009[@b34-dddt-9-1927]       U                U   L   L   L   L   L
  Findling 2011[@b11-dddt-9-1927]    L                L   L   L   L   L   L
  Coghill 2013[@b12-dddt-9-1927]     L                L   L   L   L   L   L

**Notes:** 1= Adequate sequence generation; 2= allocation concealment; 3= blinding (subjective outcome); 4= dropout data addressed; 5= free of selective reporting; 6= free of other bias; 7= baseline similarity;

**Abbreviations:** U, unclear; L, low risk of bias.
